We aimed to identify trajectories of nutrition, cognitive function, and autonomy over time among very old adults and to assess their impact on mortality. A cohort of subjects aged ≥80 years (in 2007-2008) who were followed for 5 years in 72 Italian and French nursing homes was used for post hoc analyses. Body mass index (BMI; weight (kg)/height (m) 2 ), MiniMental State Examination (MMSE) score, and Katz Index of Independence in Activities of Daily Living (ADL) score were assessed at 4 time points. Information on vital status was collected during follow-up. Latent trajectory and Cox models were used. In the 710 subjects included, the mean age at inclusion was 88.0 (standard deviation, 4.8) years, and 78.9% were female. We identified 7 composite trajectories based on BMI, MMSE, and ADL values. As compared with the reference group (trajectory 7-stable overweight; preserved cognitive function and autonomy), 2 trajectories presented increased hazards of dying: trajectory 1 (stable overweight; moderately impaired, then declining, cognitive function and autonomy (adjusted hazard ratio = 1.79, 95% confidence interval (CI): 1.26, 2.55)) and trajectory 6 (stable normal BMI; slight cognitive decline; and moderate, then degrading, loss of autonomy (adjusted hazard ratio = 1.67, 95% CI: 1.15, 2.44)). The C-index was 0.81 (95% CI: 0.72, 0.88). Repeated monitoring of BMI, MMSE score, and ADL in very old adults provides trajectories that produce better prognostic information than simple baseline assessment. aged, 80 and over; cognitive aging; frail elderly; holistic health; nutritional status; prognosis Abbreviations: ADL, activities of daily living; BMI, body mass index; CCI, Charlson Comorbidity
Frailty, defined by Campbell and Buchner in 1997 as "multisystem reduction in physiological capacity as a result of which an older person's function may be severely compromised by minor environmental challenges" (1, p. 317), is associated with increased risk of falls, hospitalization, and impaired survival in older people (2) . Despite growing evidence of its high prognostic value, frailty remains difficult to assess in clinical practice because of the lack of a reliable and simple instrument that requires little time to use (3). The 2 highly cited instruments (4)-the Fried Frailty Phenotype (5) and the Frailty Index (6)-are reliable, but they fail to meet the above 2 criteria.
In assessing frailty, the most widely used instruments commonly explore domains of frailty such as physical function (sometimes including disability), cognition, weight loss, and physical activity (4) . Loss of autonomy, cognitive function, and nutritional status can be approximately and rapidly assessed by means of the Katz Index of Independence in Activities of Daily Living (ADL) (7), the Mini-Mental State Examination (MMSE) (8) , and body mass index (BMI; weight (kg)/height (m) 2 ), respectively. The respective associations of these baseline assessments with mortality have been extensively studied (9) (10) (11) . However, only a few studies have focused on the prognostic value of their trajectories (12-15) (i.e., their evolution over time, from baseline to the last follow-up visit), and when they have done so, investigators have preferred a 1-domain approach over a comprehensive multidomain approach to determine trajectories.
The objectives of this investigation were to identify trajectories combining autonomy and 2 frailty domains-nutrition and cognitive function-over time in adults aged 80 years or more at baseline who were living in nursing homes, and to assess the association of these trajectories with long-term all-cause mortality.
METHODS

Design
We used data from an observational longitudinal cohort study, the Predictive Values of Blood Pressure and Arterial Stiffness in Institutionalized Very Aged Population (PARTAGE) Study, for a post hoc analysis.
Setting
The PARTAGE Study has been extensively described elsewhere (16, 17) . Briefly, very old people (ages ≥80 years) living in 72 French and Italian nursing homes were recruited between January 2007 and June 2008 through 4 French (Dijon, Nancy, Paris, and Toulouse) and 2 Italian (Cesena and Verona) university hospitals. All participants were then followed annually for 2 years for collection of data on BMI, MMSE score, ADL, and all-cause mortality. Participants from the French nursing homes were then followed up at 5 years.
Participants
In the PARTAGE Study, inclusion criteria were age ≥80 years, living in a nursing home, and providing signed informed consent. Subjects who had severe functional impairment (i.e., ADL index <2) or severe dementia (i.e., MMSE score <12) or were under guardianship or some other measure of legal protection were excluded. The family and/or physician of the subject was informed of the study and gave approval for their relative's or patient's participation. All eligible subjects were informed about the study and were invited to participate during the recruitment period.
The PARTAGE Study included 1,126 participants. For the present investigation, to allow for maximal follow-up, we restricted the analyses to all participants recruited in the 50 French nursing homes (n = 710) (16) .
Data collection
At baseline, age, sex, conditions included in the Charlson Comorbidity Index (CCI) (18) , weight and height (for calculation of BMI), MMSE score (8) , and ADL index (7) were assessed and/or collected on a standardized form in the recruiting nursing homes by a trained medical research investigator at each university hospital involved. Then, weight and height were measured and MMSE score (8) and ADL index (7) were assessed annually in the recruiting nursing homes by the same trained medical research investigator. To assess participants' weights (and heights) each time, the research investigator used the scales (and stadiometers) available in the nursing homes, after appropriate calibration as described by the supplier.
The endpoint was all-cause mortality. Information on mortality was collected via regular (every 3 months) direct contact with the nurses and physicians of all nursing homes.
Statistical analyses
Participants' baseline characteristics were determined as mean (standard deviation) for continuous variables and number (%) for categorical variables. Missing data were characterized and their mechanism assessed by searching for evidence of monotonicity, unit nonresponse, and file matching patterns.
Semiparametric group-based trajectory models were used to capture unobserved heterogeneity in the BMI, MMSE, and ADL trajectories after inclusion. This model uses a multinomial mixture modeling strategy and identifies relatively homogeneous clusters of trajectories of change over time in the presence of repeated observations on analytical units. In other words, the model assumes that the population consists of a mixture of underlying trajectories. The "proc traj" package in SAS (SAS Institute, Inc., Cary, North Carolina) was used to fit the model. In the latent trajectory model, composite trajectories were determined using data for BMI, MMSE, and ADL. Models with an increasing number of trajectories (i.e., 1-8) based on quadratic polynomial order were assessed. Once the number of trajectories had been identified, we assessed models in descending polynomial order, starting from a quadratic polynomial order. The best model (i.e., number of components in a mixture and shape of trajectories) was selected by means of the Bayesian Information Criterion (i.e., the one with the lowest criterion value). This model resulted in classification of participants into a small number of trajectories, based on the pattern of their baseline and follow-up values for BMI, MMSE, and ADL.
To assess potential imbalance between trajectory groups, we described participants' baseline characteristics in each trajectory identified by the latent trajectory model and compared them using analysis of variance or the Kruskal-Wallis test (according to the variable distribution across groups) for continuous variables or the χ 2 test for categorical variables. Finally, we assessed the crude association of composite trajectories with mortality using Kaplan-Meier survival estimates at 5 years and the log-rank test. Patients were followed up until death. For patients who remained alive, survival time was rightcensored as of the date of the last clinical assessment. In addition, semiproportional hazards Cox models were used to estimate crude and adjusted hazard ratios with 95% confidence intervals. The proportional hazards assumption was assessed using Schoenfeld residuals. The final Cox model adjusted for the main available prognostic factors: baseline age, sex, and CCI. The C-index of the model was then computed and compared with that of a multivariate Cox model including baseline values for BMI, MMSE, ADL, age, sex, and CCI.
Participants with missing values for BMI, MMSE, or ADL (i.e., longitudinal data) were included in the analyses as allowed when using mixed models without requiring imputation. No missing data were observed for age, sex, or CCI.
The statistical significance level was set at 0.05. P values were 2-sided. SAS 9.3 was used for all analyses.
Ethics
The PARTAGE Study protocol was approved by national institutional review boards (the French Committee for Protection of Persons and the Italian Ethical Committee of the Vasta Romagna Area). The PARTAGE cohort is registered with the French National Institute of Health and Medical Research (cohort 2011-ASE11067MSA) and the US National Library of Medicine (https://clinicaltrials.gov/; identifier: NCT00901355). Informed consent was obtained from all individual participants included in the study. All procedures performed in studies involving human participants were carried out in accordance with the ethical standards of the relevant institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
RESULTS
Participants
Selection of participants for the current analysis is outlined in Web Figure 1 (available at https://academic.oup.com/aje).
Baseline characteristics
Baseline characteristics of participants are provided in Table 1 . The mean age of participants was 88.0 (standard deviation (SD), 4.8) years, and 560 (78.9%) were female. The mean CCI score was 6.0 (SD, 1.9). The mean BMI, MMSE score, and ADL index at inclusion were 25.8 (SD, 4.8), 23.9 (SD, 4.9), and 5.0 (SD, 1.0), respectively. The lowest proportion of missing data at each time point was observed for ADL (Web Table 1 ). The highest proportion of missing data at each time point was observed for BMI (i.e., from 13.7% at baseline to 40.2% at 5 years). No structured missing data pattern, such as monotonicity, unit nonresponse, or file matching, was observed for BMI, MMSE, or ADL (data not shown). Accordingly, data were considered missing at random for BMI, MMSE, and ADL.
Comprehensive BMI, MMSE, and ADL trajectories
The best mixture model was shaped on degree 2 polynomial trajectories and retained 7 BMI, MMSE, and ADL components, with a Bayesian Information Criterion of −13,890. Data for the evolution of mean BMI, MMSE, and ADL from baseline to the last time point according to the retained 7 trajectories are plotted in Figure 1 and described in Web Table 2 .
Trajectory 1 involved adults with overweight that remained stable and with moderate cognitive impairment and moderate loss of autonomy, both greatly increased over time. Trajectory 2 involved an upper limit of normal BMI that remained stable over time and slightly impaired cognitive function and slight loss of autonomy, both markedly degrading over time. Trajectory Table 1 for a description of missing data. c Katz Index of Independence in Activities of Daily Living (7).
3 involved a normal stable BMI, slightly impaired cognitive function, and normal baseline autonomy that greatly declined over time. Trajectory 4 involved grade I obesity (BMI 30-34.9) and late decline of BMI, as well as slight cognitive impairment and slight loss of autonomy, both greatly degrading over time. Trajectory 5 involved normal BMI that remained stable, normal stable cognitive function, and preserved stable autonomy. Trajectory 6 involved an upper limit of normal BMI that remained stable over time, normal, slightly decreasing cognitive function, and moderate loss of autonomy, degrading over time. Trajectory 7 involved stable overweight, normal stable cognitive function, and preserved stable autonomy.
Characteristic imbalance across trajectories is described in Web Table 2 . Age (P < 0.001) but not sex was associated with trajectory groups, with the highest mean age being observed in trajectory 3 (stable normal BMI; slightly impaired, then declining, cognitive function; and normal baseline autonomy, then declining autonomy) and the lowest mean age being observed in trajectory 6 (stable normal BMI; slight cognitive decline; and moderate, then degrading, loss of autonomy). Comorbidity was also associated with trajectory groups (P < 0.001), with a high mean CCI being observed in trajectory 1 (stable overweight; moderately impaired, then declining, cognitive function and autonomy) and the lowest being observed in trajectory 7 (stable overweight; preserved cognitive function and autonomy).
Follow-up and mortality
A total of 395 deaths occurred during an overall median follow-up period of 3.77 years (range, 0.01-6.35). There were 65, 77, 16, 29, 94, 50, and 64 deaths among adults in the first, second, third, fourth, fifth, sixth, and seventh trajectories, respectively. , and Katz Index of Independence in Activities of Daily Living (ADL) score (7) (C) over time among nursing home residents aged ≥80 years, according to 7 composite trajectories (T) of nutrition, cognitive function, and autonomy, France, 2007-2013. Latent class modeling produced the following 7 trajectories: T1, trajectory involving stable overweight and moderately impaired, then declining, cognitive function and autonomy; T2, trajectory involving stable upper normal BMI and slightly impaired, then declining, cognitive function and autonomy; T3, trajectory involving stable normal BMI, slightly impaired, then declining, cognitive function, and normal baseline, then declining, autonomy; T4, trajectory involving baseline obesity with late nutritional decline and declines in cognitive function and autonomy; T5, trajectory involving stable normal nutrition, stable cognitive function, and preserved autonomy; T6, trajectory involving stable normal BMI, slight cognitive decline, and moderate, then degrading, loss of autonomy; T7, trajectory involving stable overweight and preserved cognitive function and autonomy.
The mean duration of time between study inclusion and followup visits was 1.00 (SD, 0.05) year at 1 year, 2.00 (SD, 0.07) years at 2 years, and 5.03 (SD, 0.18) years at 5 years. A total of 28 (3.9%), 31 (4.4%), and 60 (8.5%) very old individuals were lost to follow-up at 1 year, 2 years, and 5 years of followup, respectively.
Kaplan-Meier survival curves according to the BMI, MMSE, and ADL trajectories are shown in Figure 2 . The best survival rate was with trajectory 7 (stable overweight; preserved cognitive function and autonomy) and the worst was with trajectory 1 (stable overweight; moderately impaired, then declining, cognitive function and autonomy). Other trajectories had intermediate survival rates (P < 0.001).
Associations of BMI, MMSE, and ADL trajectories with survival
The proportional hazards assumption was not violated for models considering BMI, MMSE, and ADL composite trajectory as an independent variable (data not shown). The crude and adjusted associations of BMI, MMSE, and ADL trajectories with survival are shown in Table 2 . With trajectory 7 (stable overweight; preserved cognitive function and autonomy) used as the referent, the trajectories associated with increased risk of death were (in increasing risk order): trajectory 3 (stable normal BMI; slightly impaired, then declining, cognitive function; and normal baseline autonomy, then declining autonomy (hazard ratio (HR) = 1.73, 95% confidence interval (CI): 1.00, 3.00)), trajectory 6 (stable normal BMI; slight cognitive decline; and moderate, then degrading, loss of autonomy (HR = 1.91, 95% CI: 1.32, 2.76)), and trajectory 1 (stable overweight; moderately impaired, then declining, cognitive function and autonomy (HR = 2.23, 95% CI: 1.58, 3.15)). Adjustment for age, sex, and CCI modified these results only slightly: As compared with trajectory 7, trajectory 3 remained associated with high risk of death, though not statistically significantly (adjusted HR = 1.46, 95% CI: 0.84, 2.53; P = 0.180), and risk of death remained increased for trajectories 6 (adjusted HR = 1.67, 95% CI: 1.15, 2.44; P = 0.008) and 1 (adjusted HR = 1.79, 95% CI: 1.26, 2.55; P = 0.001).
The adjusted associations of baseline BMI, MMSE, and ADL with survival are presented in Table 3 . The C-index was 0.81 (95% CI: 0.72, 0.88) for the multivariate Cox model based on the 7 composite BMI, MMSE, and ADL trajectories, and it was 0.70 (95% CI: 0.61, 0.79) for the model based on baseline values of BMI, MMSE, and ADL only.
DISCUSSION
As suggested by the high C-index for the model including frailty trajectories, longitudinal assessment of the evolution of BMI, MMSE, and ADL seems to be of greater prognostic interest than baseline levels of these factors. In other words, longitudinal assessment of nutrition, cognitive function, and autonomy tends to have a better prognostic value in very old adults than a one-shot assessment of these components of frailty. As compared with very old adults with stable overweight, preserved cognitive function, and autonomy (trajectory 7), very old adults with stable normal BMI, slight cognitive decline, and moderate, then degrading, loss of autonomy (trajectory 6) were at greater risk of death, and very old adults with stable overweight but moderately impaired, then declining, cognitive function and autonomy (trajectory 1) were at even greater risk of death.
Few studies have focused on the mortality prognosis of very old frail adults, and even fewer studies have employed long-term follow-up, such as that used in the PARTAGE cohort, for assessing prognostic factors. Actually, the PARTAGE Study focused on people living in nursing homes, a population that is increasing quickly in France and in most other developed societies. For example, during 2011-2014, the number of nursing home beds in France increased from 611,000 to 634,500, and in Italy the number increased from 220,000 to 234,000 (19) . Development of epidemiologic and clinical research in this population can contribute to the improvement of care and preventive actions.
Baseline BMI is of prognostic importance in very old adults. Older adults with overweight and grade I obesity (BMI 30-34.9) at baseline are at low risk of mortality, and those who are underweight and normal-weight at baseline are at high risk (11) . We also found very old adults with baseline underweight to be at high risk and those who were overweight to be at low risk in comparison with normal-weight very old adults. Yet, baseline obesity was not associated with increased mortality in our sample. This finding might be due to the baseline BMI distribution's (7) among nursing home residents aged ≥80 years, France, 2007-2013. Survival was characterized using KaplanMeier estimates in each of 7 trajectories (T) resulting from latent class modeling. T1, trajectory involving stable overweight and moderately impaired, then declining, cognitive function and autonomy; T2, trajectory involving stable upper normal BMI and slightly impaired, then declining, cognitive function and autonomy; T3, trajectory involving stable normal BMI, slightly impaired, then declining, cognitive function, and normal baseline, then declining, autonomy; T4, trajectory involving baseline obesity with late nutritional decline and declines in cognitive function and autonomy; T5, trajectory involving stable normal nutrition, stable cognitive function, and preserved autonomy; T6, trajectory involving stable normal BMI, slight cognitive decline, and moderate, then degrading, loss of autonomy; T7, trajectory involving stable overweight and preserved cognitive function and autonomy. Appendix Table 1 displays the number of very old adults at risk at each survival time point. Log-rank test: P < 0.0001. not allowing us to split obesity into grade I, grade II (BMI 35-39.9), and grade III (BMI ≥40) obesity or to survival bias among very old obese people in our sample. In addition, normal-to-overweight stable BMI trajectories associated with stable MMSE and ADL and no major MMSE or ADL impairment (i.e., trajectories 5 and 7) had the highest observed survival rates. Descending BMI trajectories have been reported to entail a poor prognosis in the literature as compared with stable ones (13, 20) . Our data could not support this evidence because they contained no clearly descending BMI trajectories, except perhaps trajectory 4, a later-obesity but slightly descending trajectory associated with impaired, then worsening, cognitive function and autonomy.
As noted above, we observed a similar cognitive and autonomy trajectory but with a normal stable BMI (trajectory 5) showing a risk of death similar to that with stable overweight (trajectory 7). Accordingly, these results suggest that stable overweight might be necessary but not sufficient to achieve a better mortality prognosis in very old adults. In fact, when associated with impaired and declining cognitive function and autonomy (trajectory 1), stable overweight was actually associated with a poorer prognosis.
Furthermore, observed survival rates tended to be different for very old adults with almost similar nutritional and cognitive trajectories (i.e., stable overweight (or upper-limit BMI)) and slightly (or moderately) impaired, then declining, cognitive functionnamely, trajectories 1 and 2) but different autonomy trajectories.
Indeed, persons with poor and declining autonomy (trajectory 1) were at increased risk of death, whereas for those with overall better autonomy (trajectory 2), the risk of death was similar to that for persons with stable optimal nutritional status, stable cognitive function, and preserved autonomy (trajectory 7), which suggests that loss of autonomy might be of greater prognostic value than nutritional status in very old adults.
Loss of autonomy is associated with increased mortality in older adults (9) . In our sample, preserved baseline autonomy was associated with better survival. In addition, as reported in the literature (12, 21, 22) , trajectories with increased loss of autonomy (i.e., trajectories 1 and 6) were associated with poorer prognosis as compared with a normal stable composite trajectory. However, late increased loss of autonomy showed no clear prognostic value in very old adults with preserved baseline autonomy (trajectory 2). Impaired baseline cognitive function is associated with a poor prognosis in older adults (10). We did not find low baseline MMSE to be associated with increased long-term mortality. However, decline in cognitive function, such as that observed in trajectories 1, 3, and 4, was associated with impaired survival, though not always statistically significantly, in comparison with normal stable cognitive function. Declining cognitive function had already been reported to be associated with impaired prognosis in older adults (14) . However, using a composite approach, we also found severe decline in cognitive function, when combined with both better baseline autonomy and delayed decline in autonomy (trajectory 2), to not be clearly associated with an impaired prognosis. Our investigation had some limitations. First, we did not identify clearly descending BMI trajectories. The annual delay between 2 time points might be too large to capture severe and short-term BMI decline leading to death. For instance, a decline in BMI occurring over a few months and leading to death might occur without being able to capture it over 2 annual time points. Another explanation for our not observing descending BMI trajectories may relate to the selection process used for the PARTAGE cohort: The investigators recruited persons living in nursing homes, where staffs are used to tracking and preventing malnutrition, thus preventing trajectories involving malnutrition from being observed in our sample. Second, these results are exploratory and were derived from post hoc analyses of the PARTAGE cohort. They need to be confirmed in other settings. Third, participants were recruited from 50 nursing homes, and data from participants recruited in the same nursing homes might correlate with each other. Unfortunately, we could not assess a possible nursing home effect by using mixed models, due to a lack of statistical power. Finally, observational studies are prone to residual confounding related to unknown factors. One should interpret our results with caution.
To our knowledge, no researchers have previously used a composite approach to study the evolution of essential functions and their long-term prognostic impact in very old adults. In addition to baseline values and longitudinal assessment, a composite approach to essential functions and disability might help identify very old adults requiring special attention. Reliable and simple measures reflecting nutrition, cognitive frailty, and disability that require little time (such as weight and height measurement, MMSE, and ADL), if assessed repeatedly and comprehensively, may hold prognostic information that could help clinicians adjust health-care efforts in the very old. 
